Photophobia, or painful oversensitivity to light, occurs in a number of clinical conditions, which range from superficial eye irritation to meningitis. In this case study, a healthy subject with transient photophobia (induced by the overuse of contact lenses) was examined using functional magnetic resonance imaging (fMRI). While being scanned in a darkened environment, the subject was presented with intermittent 6-s blocks of bright light. The subject was scanned twice, once during his photophobic state and once after recovery. The subject reported that the visual stimuli produced pain (pain intensity = 3/10 and unpleasantness = 7/10) only during the photophobic state. During photophobia, specific activation patterns in the trigeminal system were seen at the level of the trigeminal ganglion, trigeminal nucleus caudalis, and ventroposteromedial thalamus. The anterior cingulate cortex, a brain structure associated with unpleasantness, was also active during photophobia. After recovery from photophobia, no significant activations were detected in these areas. This study may contribute to a better understanding of the pathways involved in photophobia in the human condition. Ó
Introduction
Photophobia is a clinical term for painful oversensitivity to light and occurs in a number of conditions, including eye conditions (e.g. corneal abrasions, uveitis and cataracts) and intracranial diseases (e.g. migraine, meningeal inflammation/irritation/infection and tumors). The mechanisms underlying this symptom are not well understood, though convergence of the trigeminal nociceptive pathway with the visual afferent pathway has been proposed [1]. The trigeminal nerve has been linked to photophobia since the middle of the last century, when noxious stimulation of the eye surface was found to produce photophobia in human subjects [12] . However, functional activation within the human trigeminal system has not yet been recorded during photophobia.
Primary afferent nociceptive fibers innervate several structures of the mammalian eye, including the cornea and anterior uvea, which includes the iris and ciliary body [6, 17, 34] . Separate from the afferent visual pathway, afferent nociceptive innervation of the eye originates from the ophthalmic branch of the ipsilateral trigeminal ganglion [6, 21, 25] . Electrophysiological recordings in cats and rabbits indicate that these nociceptors can be divided into two functional categories [5,13,14,19,20,24]: polymodal unmyelinated C-fibers, which respond to chemical irritants as well as to noxious mechanical and thermal stimuli, make up the majority ($70%) of the primary afferents in the cornea and uvea; and thinly myelinated A-delta fibers that respond specifically to noxious mechanical stimuli consist of the remainder of the nociceptive afferents. When the eye is damaged, these nociceptive afferents can become sensitized with the release of local inflammatory mediators such as calcitonin gene-related peptide (CGRP), substance P, and prostaglandins [36] . At least in the case of rats, corneal nociceptive afferents project to the trigeminal nucleus caudalis [22, 23, 33] and light stimulation can result in Fos-like immunoreactivity in trigeminal brainstem neurons [28] . Though no evidence that we know of supports the theory that exposure to light itself can directly activate these afferents, the trigeminal nociceptive afferents to the eye provide a potential mechanistic basis for the induction of photophobia.
Functional magnetic resonance imaging (fMRI) may be able to contribute to a better understanding of the pathways involved in
